Background and objectives The number of elderly patients and those with higher estimated GFR (eGFR) initiating dialysis have recently increased. This study sought to determine rates of withdrawal from dialysis and variables associated with withdrawal.
Introduction
Withdrawal is a common cause of death among patients undergoing dialysis. The rates vary geographically, with higher rates in the United States (ranging from 12% to 22% of all deaths) and lower rates in European countries and Japan (1) (2) (3) (4) (5) (6) . Several studies have examined the risk factors associated with withdrawal in the United States, and more recently Australia and New Zealand (7), but none have analyzed Canadian data in the current era.
In recent years, the proportion of patients initiating dialysis with higher levels of residual renal function has increased significantly. A recent analysis of U.S. Renal Data System data (8) indicates that the fraction of patients with an early start on dialysis has nearly tripled from 1996 to 2008, and the rate of those starting dialysis with an estimated GFR (eGFR) .15 ml/min per 1.73 m 2 has nearly quadrupled. Similar trends have been reported in Canada. Clark et al. (9) reported that the mean eGFR at the time of dialysis initiation increased from 9.3 to 10. increased from 28% to 36%. Moreover, Rosansky et al. (8) report a significant increase in elderly patients starting dialysis with higher eGFRs. The percentage of those .75 years who started dialysis with an eGFR .10 ml/min per 1.73 m 2 increased from 25% to 54% between 1996 and 2005. Kurella et al. (10) found a similar rise in eGFR among octogenarians and nonoctogenarians from a mean of 8.3 to 10.5 ml/min per 1.73 m 2 between 1996 and 2003. The effects of the significant increase in early initiation of dialysis, especially among the elderly, on the rates of withdrawal from dialysis have not been explored.
To study these effects, we examined data from the Canadian Organ Replacement Registry (CORR) to describe rates of withdrawal from dialysis and the variables associated with withdrawal among patients initiating dialysis between 2001 and 2009. We specifically explored the association of an early start, defined as an eGFR .10.5 ml/min per 1.73 m 2 , and older age ($75 years) on the rates and timing of withdrawal from dialysis. The hypothesis tested was that increased rates of withdrawal from dialysis will be associated with early initiation of dialysis and with older age.
Materials and Methods

Patient Population
The CORR collects and records the incidence, prevalence, and outcome of all long-term dialysis and solid organ transplant patients in Canada. Data have been collected by voluntary completion of survey forms for each patient at the start of dialysis and yearly ending October 31. A change-of-status form is completed for all modality and treatment changes, transfers, withdrawals, deaths, and both cause of withdrawal and death. Withdrawal from dialysis does not include patients who stopped dialysis because of return of kidney function. All adult patients .18 years of age starting hemodialysis or peritoneal dialysis between January 1, 2001, and December 31, 2009, were included in this study, with follow-up until December 31, 2009.
Comorbid conditions present at the start of dialysis are documented at the time of dialysis initiation. Information on the presence or absence of coronary artery disease (including angina, myocardial infarction, and coronary artery bypass surgery), peripheral vascular disease, hypertension, diabetes mellitus, and cerebrovascular disease are documented in three categories: "yes," "no," and "unknown." The "unknowns" are combined into the "no" group. All classifications of diabetes are combined. Late referral is defined as first seeing a nephrologist within 3 months of starting dialysis. Early dialysis is defined as initiating dialysis with an eGFR . 10.5 ml/min per 1.73 m 2 , and late initiation of dialysis is defined as initiating dialysis with an eGFR # 10.5 ml/min per 1.73 m 2 . Body mass index (BMI) is calculated using the height and weight collected at the start of dialysis. Normal BMI is defined as 18.5-24.9 kg/m 2 ; overweight, 25.0-29.9 kg/m 2 ; and obese, $30 kg/m 2 . A recent article by Moist et al. (11) has validated the accuracy of the CORR comorbidity data.
Statistical Analyses
Baseline patient characteristics were compared for patients who withdrew from dialysis and those who did not withdraw using chi-squared or Kruskal-Wallis tests as appropriate. Withdrawal rates were calculated as the total number of withdrawals from dialysis per 100 patient-years of dialysis. The rate of death due to withdrawal, in the group with a date of death, was calculated as the total number of deaths divided by the total number of withdrawals. We used robust inference (sandwich estimate of the covariance matrix) for the Cox proportional hazards model by aggregating patients at facility level. The following variables, obtained at the start of dialysis, were included in the analysis: age, sex, race, province, BMI, ESRD primary diagnosis, hemodialysis location (home versus incenter), modality of dialysis, era (2001-2005 versus 2006-2009) , hemoglobin, albumin, eGFR in ml/min per 1.73 m 2 at initiation of dialysis (calculated using the Modification of Diet in Renal Disease formula [12] ), time to referral to a nephrologist relative to dialysis initiation, and comorbid conditions per the modified ESRD comorbidity index (13) . A separate analysis was performed for patients ,75 years and those $75 years of age. Hazard ratios (HRs) were calculated for each variable using this multivariable analysis with 95% confidence intervals (CIs). A two-sided P value , 0.05 was considered to represent a statistically significant difference. Model estimates are presented with 95% CIs. All analyses were conducted using SAS software, version 9.1.3 (SAS Institute, Cary, NC).
Results
Baseline Characteristics of Incident Dialysis Patients
The baseline patient characteristics for those who withdrew from dialysis and those who did not withdraw are listed in Table 1 . There were several important differences between these groups. The mean age was significantly higher among those who withdrew than among those who did not: 73 years versus 63 years. Of those who withdrew, 51.5% were age $75 years, compared with 26.9% of those who did not. The withdrawal cohort had higher rates of early initiation of dialysis and more late referrals compared with the nonwithdrawal cohort: 39.8% versus 34.4% and 42.2% versus 34.6%, respectively. There were also higher percentages of women, white patients, and patients with increased comorbidity in the cohort who withdrew from dialysis.
Withdrawal Rates and Cause for Withdrawal
The rate of withdrawal per 100 patient-years of dialysis doubled from 1. Table 2 . The reasons for withdrawal were as follows: 38% psychosocial, 11% cancer, 8% vascular disease, 4% dementia, 4% cardiovascular disease, 4% infection, 17% unknown, and 14% other.
Time to Withdrawal
The median follow-up time was 23 
Variables Associated with Withdrawal from Dialysis
The HR for withdrawal from dialysis for each covariate tested is shown in Table 3 . Variables associated with withdrawal for the entire cohort are listed in the first column of 
Discussion
This study identifies three significant findings regarding withdrawal from dialysis in Canada. First, the rate of withdrawal and the rate of death from withdrawal have more than doubled between 2001 and 2009. Second, early initiation of dialysis and older age are associated with higher rates of withdrawal. Third, early initiation of dialysis and initiation at an older age result in an earlier time to withdrawal from dialysis. These findings have important implications for the assessment of the elderly and those with early start for initiation of dialysis.
Data from several countries, including Canada, demonstrate an increase in dialysis initiation among those age $75 years over the past decade; they also show that this age group has the highest incidence rate of ESRD (14, 15) . In addition, there has been a trend for earlier initiation of dialysis in several countries (8) (9) (10) 16 ). In the United States, the percentage of new dialysis starts with an eGFR .10 ml/min per 1.73 m 2 in patients with diabetes and without diabetes increased from 25% to 55% and from 16% to 48%, respectively, between 1996 and 2008 (17) . In Canada between 2001 and 2007, mean eGFR at the time of dialysis initiation increased from 9.3 to 10.2 ml/min per 1.73 m 2 , and the proportion of early starts rose from 28% to 36% (9) . There was also an associated risk for death with early starts even after adjustment for patient characteristics.
The outcome of elderly patients starting dialysis has been well described. Jassal et al. (18) studied the living status and residence of octogenarians who start dialysis in Canada. Within the first 6 months of dialysis, nearly one third of patients required assistance or moved to a nursing home. Moreover, Kurella Tamura et al. (19) found that among elderly patients who resided in a nursing home before their first renal replacement treatment in the United States, nearly 9 of 10 had died or had a decrease in functional status by 12 months of dialysis. The authors explain that functional decline continues despite the initiation of dialysis and that the periods before and after starting dialysis are times of high risk; nearly all patients showed worsening disability, which is often permanent. These findings indicate that although dialysis can extend lives, it does not restore functional status to these elderly patients.
Additional findings in our study include previously reported risk factors for dialysis withdrawal, such as increasing age, female sex, and white race (4, 5, 7) . The reasons that nonwhite patients withdraw less often are unclear; however, it is likely that religious and cultural beliefs play a significant role (20) . Withdrawal was also higher in patients with more comorbid diseases, including diabetes, also previously reported (2,4-7). In our study, modality type was not associated with withdrawal, but dialysis at home, in a community setting, and in an urban center were associated with fewer withdrawals, perhaps because of increased home and community supports. In contrast, Chan et al. (7) found that patients undergoing hemodialysis were more likely to withdraw than those undergoing peritoneal dialysis. The authors surmised that the greater sense of personal control over treatment facilitated adherence to treatment, leading to less withdrawal; however, they could not rule out selection bias and unmeasured confounders leading to this result because frail patients are more likely to begin renal replacement therapy with hemodialysis.
Furthermore, we found the province of residence to be associated with significant variability with respect to withdrawal rates compared with Canada as a reference. Although these findings are intriguing, the reason for them is unclear, and further evaluation is necessary to better understand these interprovincial differences. Notably, O'Hare and colleagues (21) studied regional differences in treatment practices for ESRD in older adults and found the rate of withdrawal was nearly double, 44.3% versus 22.2%, in regions with the lowest end-of-life expenditure index quintile compared with regions with the highest quintile. They felt that these differences were unlikely to be explained by differences in patient preferences alone and call for the need to evaluate end-of-life care practices to ensure care is consistent with the patient's wishes. We espouse this recommendation on the basis of our results. In addition, a recent viewpoint article by Rosansky further emphasizes the importance of discussing the risks and benefits of dialysis versus nondialysis care with elderly patients (22) .
A low BMI was associated with increased withdrawal, probably reflecting a poor nutritional and health state. Of note, we found an era effect in terms of withdrawal. Further studies are necessary to elucidate the reasons for this, which may represent a combination of increased reporting of withdrawal; more frequent discussions by health care personnel of withdrawal as an option; and more patients who are poor candidates for dialysis being initiated, only to withdraw soon after. Chan et al. (23) studied the mortality of incident long-term dialysis patients immediately after dialysis initiation and during their first year of renal replacement. They report the mortality rate to be highest in the first 2 weeks of dialysis and then decrease by 90 days. Whether this spike in mortality represents palliative patients who withdraw soon after initiation is unknown; however, our findings would support this hypothesis.
This study had some limitations inherent to all observational studies. Withdrawal does not include patients who stop dialysis because of a return of function, but we cannot distinguish those who withdraw with terminal cancer and for whom death is imminent from those who withdraw because of the burden of kidney disease. In addition, we do not have a date of death for all patients who withdrew, so the cause of death due to withdrawal may be underreported.
In conclusion, we have demonstrated an increased risk and earlier time to withdrawal associated with early initiation of dialysis and with increasing age. In addition, withdrawal is increasing as a cause of death in this same population.
